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the odjeet of this investiaetion ia to 
determine the possibility of meaguring quantitetively 
the resiéusl stresses in neteal plates by means of 
brittle leequer. It ia know thet the rewidual 
atregses ean be determined qualitatively by use of 
the brittle Lacquer from the work ef previous ine 
vestigatora, This tnvestigetion will concern iteelf 
with correlating the size of the pattern formed in 
the lacquer on the release of the resifual stresses 
with the actual value of the residual stresses in 


the metal, 


fe 
THPORT ANCE 


There is a great need for a aimple yet 
securate method for determining the residuel stresses 
in @ member without actually destroying the member or 
the structure containing the menber, If it were poa~ 
sible to determine the magnitude of the stresnes by 
the uee of brittle lacquer, the simple and inexpensive 
method needed would have been found, The wrk of 
previous investigetora haa aiow that the presence 
and type of residual stresses ean be found by the 
ase of brittle lacquer, In order to be of gresteat 
ueo, however, the quantity of stresses present should 
be knowns Zhe brittle lacquer could then be used as 
@& method of teating a menber after it has been placed 
in a etructure. 

It ie known that a member containing residual 
atregses will yield under a emaller load than a momber 
free from residual atresess, If each structural mem 
ber could be designed as if free of residual atresces, 
the weleht of steel neoegssry woula be grestly reduced, 
Naturally, no structure could be built without induc ing 
residual etresses, tat the emount of stresses could be 
areaatbly reduced by proper sequence of conatruction or 
other precautions. the membera could be tested after 
erection to see if they conformed to the design speci- 
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PROBLEM 


the investication resolved itself inte 
the following problem: fo sorrelate the patterns 
formed by @rilling # small hole in a lacquer-coated 
metel piece ae ¢eseribed in references "A" and *B* 
with the values of the residual streins found by 
some other methot, It waa declidef to measure these 
residual etreine by placing a wire etrein gage on 
the motel semple which eonteined reslduel atreases 
and then outting the eage away, The corrected 
ciftterenees between the Strein Indleator reading 
vefore and after the eubting woult be the value 


of the residual strains 
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PHEORY 


fhe formation of the strain patterns is 
the regalt of drilling a hole in the metal. In the 
eaee of residusl tension, the relief of the strein 
@liews the uetal te sontreet and radial eracka are 
formed, Whereas, with the relief of compressive 
forees, the suetel expande and attempte ta fill the 
hele eeuging elreular eracke to form concentric to 
the hele, These theoretical patterns are show on 
Plate i. 

The sawe thing would Aepoen when the strain 
gages exe out out. Relief of tensile gtrsins would 
ceuee the metal to contract and evompreasive strains, 
when relieved, would eeuse the metal to expend. fhe 
gagee when cut away mesoure 1,4° x .45"%; thug the 
fifference in the readings of the gaze ie aetuclly 
(.45 + 1,8u) x the actual residual strain in the — 
piece. | 

Sines the emount of metal effected inarceses 
as the aquare of the é¢ietence from the hole ineorenses, - 
the length of the ereck should inerense ag the square 
of the residual strain, Alao, the larger the hole 
made, the greeter the quantity of strain relieved. 
fhe quantity of strain will vary with the é¢Lameter 
of the hole. Therefore, in plotting the results, 


oe 


the squere root of the length of the erack divided 
by the éiemeter of the hole wea plottet againat 
the reesidusl strain, 


«f« 


PLATE I 


COMPRESSION 


TENSION 
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PROGEDURE 
Seneral 
the prooedure followed in this investigation» 
neflux Corveration, 


was thet recommended by the Mas: 
monufectarers of Stresseont. This procedure waa es 
follows: 

1s Soreay teat sample with brittle lacquer. 

2. Drill small hole into tent pieces 

te Aoply éye etehent to leoquer. 

4. lnveatiacte psttern of regidasl stress 
present in the test semple at the place 
of the hole. 

In the following inveatigetion 1% wag ene 
éeavored to éstermine the eaount of residual strain 
present by menguring the aige of the vettern formed 
in the brittle laecuer with the releese of the resi¢ual 
atvetn., in oréor to obtein a high sensitivity « laequer 
two oy three sunmbers esbeve thet resommendied by the 
Magneatlur Cerporetion waa uged, The samples were 
¢rieé for 24 nours in on oven at 100 te 110 degrees PF. 
in oréer to srevent oragine. 

the procedure uged to fetermsine the actual 
residual strain wes es follows: 

Le Gement eleetric atrain gage, type Sida, 

ee elose to the hole eas practicable, 


2, Obtein initial strein roasting. 


=e 
%. Gut the strain gage from the oanples 
4 Obtein fine) strain reading end 
determine the value of the residual 
strein, 
the results were then plotted on Plate II. 


moe 
HISTORY OF THE MKPERIMENT 


In order to obtein high residual estralas 
wileh would be fairly uwolfora throughout the sample, 
it wae deeided to uge a heat-treatable steel ag our 
test sample. SAE 8630 steel was selected for this 
purpose, the sanples were cut from a normeliced 
atrip of ateel ené measured 10° x 2" x 1/16% A 
sample 1/8" thick or thicker would have been better 
for this purpose beesuse less distortion would have 
eocourred when it was quenched, fhe sanples were 
sooked for thirty minutes at 1500 degrees F, Some 
were then auenched in water and gome in o11 to obtain 
different hartneas velues and, therefore, different 
strein values, fhe samples were then tested for ease 
of @rilling, The water-quenched saaples were $00 
hem! to érill with either plain cerbon or high speed 
arills, but they could be @rilled with a spegially 
treated plain earbon frill, This treatment of the 
trill econsieted ef heating for fifteen minutes at 
1500 tegreesa 7, end quenching it into mereury, The 
above treatment protuced s very hard but very brittle 
rill, The oil-«quenched samples could be drilled 
with high epeed drille. It was édeciéesi to éicseard 
tae water-quenche! samples end te eoncentrate on the 
oilequsnehed samples because the specially trested 


ériilis vere too brittle for continuous use, 


#i0~ 

A lerge number of pieces were then heat~ 
treated anf spreyed. Using a number 40 high meed 
frill, several holes were ¢rilled in each senple, 
Petterne were observed and mensured in moot of the 
pieses. The best patternea were shoto graphed, 
Sxemples of the satterns ere shown in the phote- 
grephe inelué@ed as pert of thie theeta, 

Si4e wire strain gages, type A-1, wore 
placed on the pieces near the holes showing the 
patterns, Initial readings were taken on the gages 
ana then, using shesre, the gages were out out of 
the sample, Agein readings were taken on the aces 
enti the values of residual straing were computed, 
Comparizon of the residual strains with the Length 
of erecke in the brittle leequer showed erratic 
Poequltis 

After exemination of tha teet results, it 
wen decided that the method of autting the geses out 
of the pieces was introducing oxeessive aé¢éitionel 
strein in the aemples, Therefore, « test was carried 
out to find the magnitude of the strains indueed in 
the eemples by three different metheds of cutting; 
memely, the sheers, the power hack saw, and the hand 
hacksaw. A fourth methot, the use of a water-cooled 
eutting wheel, wee digearded after eoncaulteation with 
“xy Walter Aoonradt, “etallurgy and Yeléing Department, 


-ll-+ | 
Rensselaer Polytechnic Institute, He advised 
that the wheel could not be adjusted accurately 
enough to cut closely to the strein gage and that 
the vibration from the wheel would tend to loosen 
the gage on the semple. The test for the first 
three methods consisted of placing three strain 
gages on normelized samples and then eutting them 
away by the various methods, The shears induced 
atrains to the order of 1000 micro-inches; the 
power hacksaw 100 micro-inches; and the hand hack- 
saw 50 miero-inches, On the basis of this test, 
it was decided to use the hand hacksaw for cutting 
out the strain gages. However, it was almost im- 
pessible to cut the treated steel with either the 
hend or the power hack saws. <At this point, it wee 
apparent that cutting away electric strain gages to 
find the residual strain was not satisfactory for 
use with a material such as steel or any other 
material which has high hardness accompanying the 
high resgiduel strains necessary for this investig- 
ation. 

Aluminum, whieh can be made to have high 
residuel gtrains without high hardness, was selected 
for the next tests. The samples were pieces of 
245-0 Aluminum 2" x 6" x 1/8" which were heat- 
treated for thi ty minutes at 925 degrees F. and 
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quenched in geld water, Twenty pleces were sprayed 
ang then tested by drilling holes with a 3/32" @rill, 
Patterns were observed on oaly two piedes, Gages . 
were placed near the holes where patterns were present 
end strain readings were taken. The gages were then 
eut out of the sanples Dy a hand hacksaw and strein 
readings were teken egaine Seesuse of the small 
number of pattern formations observed, it wee de- 
eiged to eol’~work the next group of aluminum sam- 
ples. The samples were cold-rolled with a maxinun 
ve@uetion of 604, The spraying procedure was repeated 
on these semples ané the holes ¢rilled with e 3/a2* 
@érili, No patterns wore observed, Gages were placed 
on several of the pieces to finté the estual residual 
etreing sresent in order to determine the threaheld 
geneitivity of the brittle lacquer method, these 
aagen were gut away end the streins recoried, 

Dowmetel was the third metal trisé for 
thie experiment. twenty semples, reduced 14% by 
eolé-rolling, were goreyed an¢ Grilled, in two of 
thase pleces, vatterns were obeervei. “hese were 
the firet compressive «racks found in this investig-~ 
ation, Although the patterns vere net well enough 
fefinet te shotosrenh, the eraeke ané the residual 
etreina were sencured and resorted in the usual 
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Due to the lack of time, i4 wae imporesible 
to stteopt any further investigations. However, it > 
is felt thet there is sufficelent justification for 
further teste. <Accurete eonclusgions anould be obe 
tained with an improved method of Tinting the actual 
regicusl stroeing. 


«hd 
RESULTS 


The results of the tests are tabulated 
in Table I. There are some glering inconsiatencies 
in the relationship between the sigo of the patterna 
an? the measured residual straing., in the ease of 
the eteel apecimons, one gage (gege 5) showed a 
eonpreeasive reeitual strein, bat all of the patterns 
obgerved on the st@ol eamplew were tensile pattiurnie 
Aloo, on the Downetel samples, whieh showed 211 com= 
pressive patterns, gage 2% cave a tensile readings 
All of the Gata obtained from the steel canples muat 
be eonsidered worthless becsuse of the unsredictabdle 
high aheering streasee induced ag a result of the 
method used in removing the gages from the samplem, 
There ig not sufficient date from the lighter metals 
to form a definite conclusions, 

The findines from the alaminwi end Downetal 
teate ere olotied on Plate Ii. They show nothing 
eonelusive insemuch ag they are too few in number 
end are quite @isverse?. The residual strains 
founé in the pleees in whieh no vattern resulted 
were guite high end east some doubt on the validity 
of the brittle eonting method even as a qualitative 


indicator, 
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ae «Heated to 1500 degrees F, 
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POISSONS RATIO: 


86350 Steel - - ~ += = 0,34 
Aluminum = - ~ «# =~ = 0433 


Downetal -~ = = = = = 0,34 
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CONCLUSIONS oF THO INVESTIGATION 


The regulte of these experinents with the 
brittle laaquer ae a meagure of residual stresses 
yielded no definite rewalte an far ae quantitative 
nenguremente are goneerned for me of the following 
reasons: Tither the brittle laceuer method ia of 
little value in estimating atreeses, or the method 
used to find the resiéual strains le not satisfactory. 
It ie the osinion of the authors that the letter reason 
is the ohiet cause of the indefinite results obtained, 
However, inediliity of the lacquer to show etrain 
petteme on the greatly reducet esluminum senples has 
leé the mathore to look upon the brittle leequer 
method with eeution even as a qualitetive indiesater 
of residual strains, In the use of the eleotric 
strein geges there ie always the uncertainty aa te 
the magnitude of the atreine induced by eutting away 
the gages Por thie rereon, it is felt thet some other 
method of finding the residual atreine @hould be em 
ployed before a definite decision een be reached as 
to the value of the brittle leequer method for quan- 
titative mesourement of regifual streing, 

There are two other procedures whieh sould 


be used to measure the recifusl etrelna, One method 


oRL« 
is the use of Meray techniques and the other method 
is the use of high temperature strain gages, The 
firat method is outlined in reference "i", Sines 
this methea invelves much expensive equipment and 
otaéy in the operetion of the equipment, it was 
not readily available for use in this investigations 
fhe secon metho? harm sreater possibilities, The 
eonstraction, use, and oalibration of these high 
teaperature gages ere outlined in reference *D", 
the oveustwre ts be followed if this letter method 
were to be used would be to place the high temper« 
ature strain gege on the sample in ite condition 
of high residusl streing Then dlace the siece in 
a furnees at an elevated tomperature in orfer to 
relieve the stresses in the piece as deeeribed in 
reference "I" Since the eege could withstand the 
high temmerature involvec, « comperison of the 
yesistemee rantings of the zege before and after 
etrese relief would meenure the residual streinas 
Thie metho@ shoulé be especially scourate eg it 
involves no atditionel strain due te cutting. 
However, there is one eorious obatecle to the 
use of thia methed which mast be overcome; that 
ia the long baking period tetaling 32 hours at 
250 deareee 7 which is speaified after placing 


me BB0 | 

the gages on the samples It shoula be posaible 
to Places the gages on the sample without resorting 
to sugh hich temperature baking, This drying period 
andoubtedly would contribute oonsiderabie atresa 
relief, Perhepe a longer drying period. at room 
temperature would suffiee. If e solution to this 
problem coul¢ be found, the measurement of residuel 
strains eould be easily agaomp Li shete 

taurine the gourse of the experiments 1t 
waa note? that eracks of varying intensities were 
formed with eporeximately the same length. Some | 
of the patterns formed. were considered to be eresings 
However, other investigators identified there pate 
terns eg atrein inéieationg es illustrated in refer= 
ences "A" and "BY, The patterns show in the pictures 
taken of some of the pletes in the authors’ experi« 
ments are not of this charester, The authors feel 
that there should be some distinetion made between 
the strong patterns and the week ones, As they were 
unable to get sny estisfactory results due to the 
difficulties in measuring the resifual atraine with 
the Si4a strain geges, it was impossible to make the 
proper comparisons 

The authors feel thet more work is warranted 
on thie topie because the brittle lacquer method of 


etress snalysieg ie a simple, yet effective, systems 


=23< 
If 16 oon be proven thet the brittle lacquer method 
ies Valuable in measuring quantitatively the residual 
strains in metel, « very worthwhile tool will be open 
for use by the stress analyser. 
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Acuf f 
To investigate the 
use of brittle lacquer 
in-measuring quanti- 
tatively the residual 
strains in metal plates. 
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